Fatty acid composition of the meat from the Mos breed and commercial strain capons slaughtered at different ages.
INTRODUCTION
The capon (castrated male cock) of Vilalba is a traditional product that is usually consumed on Christmas day. Capons of the Mos breed (Galician indigenous breed) grown until they are 8 months old have been traditionally used. However, capons of lower age (from 5 months old) and different breeds (commercial strains) are now commercialized.
In an earlier paper (Díaz et al., 2010) , we highlighted the effects of the breed [Mos, Sasso T-44 and X-44 (commercial strains)] and the age (5, 6, 7 and 8 months) of capons on their chemical compositions and their physico-chemical properties (pH, water holding capacity, color and texture) of the breast and drumstick meat. Our results showed that chemical composition, pH, water holding capacity, drip loss, color and texture of the meat were significantly influenced by the breed and age of the capons.
The fatty acid composition of the meat is an important factor due to its health and texture implications; the breed and the age of the capons might also modify the fatty acid composition of the meat. There are few studies about the fatty acid composition of capons (Tor et al., 2005; Miguel et al., 2008; Sirri et al., 2009) . However, there is no information regarding the effects of breed and age on fatty acid composition of these animals.
The objective of this study was to determine the influence of the breed [Mos, Sasso T-44 and X-44 (commercial strains)] and the age (5, 6, 7 and 8 months) of capons on the fatty acid composition of the breast and drumstick meat.
MATERIALS AND METHODS

Animals and diet
One hundred and fifty 1-day-old male chicks were used in the experiment, 50 were the Mos slow-growing breed (Avimos, Ourense, Spain), 50 were the Sasso T-44 slow growing strain and the Se ha estudiado la influencia de la raza [Mos (raza española autóctona), Sasso T-44 y X-44 (estirpes comerciales)] y la edad (5, 6, 7 y 8 meses) de los capones (gallos castrados) en la composición de ácidos grasos de la carne de la pechuga y del muslo. La carne de los capones de raza Mos presentó menor concentración de ácidos grasos monoinsaturados y mayor de poliinsaturados que la carne de las otras razas. Además, dichos capones mostraron mayor contenido de los ácidos margárico (C17:0) y esteári-co (C18:0) que las estirpes comerciales; sin embargo, no hubo diferencias significativas entre las distintas razas en el total de ácidos grasos saturados. La carne de los animales más jóvenes mostró menor concentración de ácidos grasos monoinsaturados y mayor de poliinsaturados que la de los animales de mayor edad. Sin embargo, la edad influyó menos que la raza.
Fatty acid composition of the meat from Mos breed and commercial strain capons slaughtered at different ages
The influence of the breed [Mos (Spanish indigenous breed), Sasso T-44 and X-44 (commercial strains)] and the age (5, 6, 7 and 8 months) of capons (castrated male cockerels) on the fatty acid compositions of breast and drumstick meat were studied. The meat of the Mos capons showed lower contents of monounsaturated fatty acids and higher concentrations of polyunsaturated fatty acids than those of the other breeds. In addition, the Mos breed showed higher contents of margaric acid (C17:0) and stearic acid (C18:0) as compared to the commercial strains; however, no significant effects of breed were observed in the total contents of saturated fatty acids in the meat. The meat of the youngest animals showed lower contents of monounsaturated fatty acids and higher concentrations of polyunsaturated fatty acids than that of the older ones. Nevertheless, the effect of age was less important than the effect of breed.
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FATTy ACID COMpOSITION OF THe MeAT FrOM MOS BreeD AND COMMerCIAL STrAIN CApONS SLAUGHTereD… other 50 were the Sasso X-44 medium growing strain (Sasso, Sabres, France). They were housed separately in three indoor pens (24 m 2 each one) with access to grass paddocks (333 m 2 each one) in free range conditions. They grew contemporarily in order to avoid the influence of different environment conditions. Castration was performed at 48 days of age for the T-44 and X-44 strains and at 60 days of age for the Mos chickens. These ages are the most adequate for castration according to the Asociación de Criadores de Capón de Vilalba (Association of Capon Growers in Vilalba). All birds were castrated bilaterally using the surgical method described by López-Beceiro et al. (1992) and in accordance with eU regulations. The absence of testicular regeneration was determined by visual assessment in live animals and also after slaughtering.
The castrated cockerels were fed ad libitum the same commercial diet. This diet was mainly composed of corn, soybean meal and wheat dried distiller grains with solubles and contained 200 g kg -1 crude protein, 40 g kg -1 cellulose fiber, 42 g kg -1 crude fat and 60 g kg -1 ash. The fatty acid composition of their diet is shown in Table 1 . When the animals reached the predetermined age for sampling (at 5, 6, 7 and 8 months, i.e. at 150, 180, 210 and 240 days, respectively), five animals from each breed were randomly selected and they were stunned, killed by manual exsanguination, plucked, completely eviscerated (obtaining the ready-to-cook carcass) and weighed. Then, they were refrigerated at 4 °C for 24 hours until analyses. A total of 60 animals (20 of each breed) were analyzed. The carcass weights of the capons are shown in Table 2 (adapted from Diaz et al., 2010) .
Sampling and analytical methods
The left side of the carcasses were quartered according to the standard procedures of Jensen (1983) . The meat from left breast and drumstick was obtained by carefully separating the flesh from the bones. The skin, subcutaneous fat and bones were not included in the samples. The meat samples were finely minced in a blender (polytron pT 10-35). Lipids were extracted and purified from the former homogenate with a chloroform:methanol mixture (1:1 v/v) according to the method of Hanson and Olley (1963) . The total lipids were gravimetrically determined. All analyses were made in duplicate. The lipid contents of the breast and drumstick meat of the capons are shown in Table 2 (adapted from Diaz et al., 2010) .
The fatty acid composition of meat lipids was determined by gas liquid chromatography of methyl esters prepared in basic conditions (potassium hydroxide in methanol). The gas chromatograph was a Hewlett-packard apparatus (Hp 5890) equipped with a dual flame ionization detector. The capillary column (30 m, internal diameter 0.25 mm) was packed with OV-225 (0.1 mm) on fused silica. Hydrogen was used as the carrier gas under constant pressure (110 kpa). Analysis was performed using an initial isothermal period (150 °C, 2 min); thereafter the temperature was increased to 210 °C at an increasing rate of 4 °C min -1 , and finally an isothermal period (210 °C, 15 min) was established. The injector and detector were maintained at 250 °C. A Hewlett-packard Hp3394A integrator was used for quantitative analyses. The identification of different fatty acid methyl esters was performed by comparison of the retention times with those of authentic standards (Sigma). The amounts of fatty acids were expressed as a percentage of total area of injected methyl esters. All analyses were made in duplicate.
Statistical analyses
Data were evaluated statistically using the SpSS version 12.0 for Windows (2004) program. A two-way ANOVA was used to analyze the effects of the breed and age and their interaction on the parameters determined. These analyses were carried out using the GLM procedure. When breed 3 age interactions were not detected, the means of each breed or age group were compared using the Tukey F-test with significance at p , 0.05. When breed x age interactions were detected, a one-way ANOVA was used and the means of each breed within each age or the means of each age within each breed were compared using the Tukey F-test with significance at p , 0.05.
RESULTS
The saturated fatty acid composition of the breast meat of the different types of capons is Table 3 . The total content of saturated fatty acids was around 34%. The main saturated fatty acid was palmitic (25%) followed by stearic acid (8%). No significant effects of breed and age were observed in the total contents of saturated fatty acids of the breast meat; however, the Mos breed showed a significantly lower content of C16:0 and a higher content of C17:0 and C18:0 as compared to Sasso strains. Breed 3 age interactions were observed for C14:0 and C15:0. The monounsaturated fatty acid composition of the breast meat of the different types of capons is shown in Table 3 . The total content of monounsaturated fatty acids was around 42%. The main monounsaturated fatty acid was oleic acid (33%). Significant effects of breed were observed in the total contents of monounsaturated fatty acids of the breast meat. The Mos breed showed a significantly lower content of monounsaturated fatty acids than the commercial strains. The values of C14:1, C16:1n-7 (in 5, 6 and 7 month birds), C18:1n-9 and C18:1n-7 (in 8 month animals) for the Mos breed were significantly lower than in the T-44 and X-44 strains. However, the Mos breed showed a significantly higher content of C17:1 than the other breeds. Significant effects of age were observed in the total contents of monounsaturated fatty acids of the breast meat. The youngest animals (5 months) showed lower contents of monounsaturated fatty acids than the older ones.
The polyunsaturated fatty acid composition of the breast meat of the different types of capons is shown in Table 3 . Linoleic acid was the most abundant (18%) followed by arachidonic (3-6%) and linolenic (0.7-0.9%) acids. The total content of polyunsaturated fatty acids was around 24%. Significant effects of breed and age were observed in the total contents of polyunsaturated fatty acids of the breast meat. The Mos breed showed significantly higher contents of C18:2 n-6, C18:3 n-3 and total polyunsaturated fatty acids than the T-44 and X-44 strains. The youngest animals (5 months) showed higher contents of C18:3 n-3 and polyunsaturated fatty acids than the older ones. Breed 3 age interactions were observed for arachidonic acid. The Mos breed showed a significantly higher content of C20:4 n-6 than the other strains only in the 5 month birds and the content of this fatty acid was significantly higher in 5 month animals than in older ones only in the Mos breed.
The saturated fatty acid composition of the drumstick meat of the different types of capons is shown in Table 4 . The total content of saturated fatty acids was around 34%. The main saturated fatty acid was palmitic (24.4%) followed by stearic acid (8.6%). The Mos breed showed significantly higher contents of C15:0, C17:0 and C18:0 than the other strains; however, no significant effects of breed were observed in the main saturated fatty acid (C16:0) and in the total content of saturated fatty acids of the drumstick meat. When the age of the animals was taken into account, the oldest animals (8 months) showed lower C15:0 and C16:0 values and total contents of saturated fatty acids than the younger ones.
The monounsaturated fatty acid composition of drumstick meat of the different types of capons is shown in Table 4 . The total content of monounsaturated fatty acids was around 41.5%. The main monounsaturated fatty acid was oleic acid (32.8%). The Mos breed showed significantly lower contents of monounsaturated fatty acids than the other breeds. The values of C14:1, C16:1 n-7 and C18:1 n-9 for the Mos breed were lower than in the T-44 and X-44 strains. Significant effects of age were observed in the total contents of monounsaturated fatty acids of the breast meat. The youngest animals (5 months) showed lower Table 4 . The total content of polyunsaturated fatty acids was around 24%. The main fatty acid was C18:2 n-6 (19.6%) followed by C20:4 n-6 (2.5%) and C18:3 n-3 (0.9%). Significant effects of breed were observed in all the polyunsaturated fatty acids of the breast meat. The Mos breed showed significantly higher contents of polyunsaturated fatty acids than the other strains. The youngest animals (5 months) showed higher contents of polyunsaturated fatty acids than the older ones. 
DISCUSSION
The fatty acid composition of the Mos capon meat from 7-month-olds was similar to that reported by Tor et al. (2005) in the breasts and drumsticks of penedesenca Negra capons slaughtered at 28 weeks of age; however, the total content of polyunsaturated fatty acids of penedesenca Negra capons was higher probably due to the arachidonic acid, which was not determined by these authors. The fatty acid composition of capons showed some differences with those reported by other authors. Miguel et al. (2008) observed a higher content of linoleic acid in the meat of Castellana Negra capons slaughtered at 29 weeks than in Mos capons at 7 months. This result could be attributed to differences between breeds or to the high content of linoleic acid (57.43%) in their diet. It is well known that the fatty acid composition of chicken meat is influenced by the fatty acid composition of the diet (Cobos et al., 1994) . Sirri et al. (2009) observed a higher content of linoleic acid in the meat of Hubbard x Golden Comet capons processed at 180 days than in Mos, T-44 and X-44 capons at 6 months. These results were also probably due to the different breeds or to the different feeding regimen of the birds.
As mentioned in the Introduction section, there are no studies about the effect of breed on the fatty acid composition of capons. The meat of the Mos capons showed lower contents of monounsaturated fatty acids and higher concentrations of polyunsaturated fatty acids than that of the other breeds. Castellini et al. (2006) studied the effect of genotype on the fatty acid composition of chicken meat reared under the organic system (access to a grassed paddock). The meat of Kabir chickens had a higher content of total polyunsaturated fatty acids (pUFA), mainly n-3 pUFA compared with ross birds. This result was probably due to the greater ingestion of grass by Kabir chickens. These authors mentioned that ross chickens were less active, with less walking, more lying around and they spent more time indoors than outdoors with respect to the Kabir birds. Although in extensive conditions, it is very difficult to quantify the intake of grass (pugliese et al., 2009) , the content of pUFA is increased in meat by grass-based diets (Castellini et al., 2002) . Although the capons were fed the same diet, different feeding behavior is possible. It has been reported that the indigenous chickens tend to scratch while eating and have been observed picking up feed particles more selectively than broilers (Van Marle-Koster and Webb, 2000) . This might explain the differences between an indigenous breed (Mos) and selected strains (Sasso T-44 and X-44). It is likely that the Mos capons ingested more grass than the T-44 and X-44 capons. The higher ingestion of pasture could also explain the higher content of C17:0 of the Mos breed as compared to the Sasso strains. ros et al. (2001) observed a higher content of margaric acid in free-range chickens in relation to commercial broiler chickens. In pork, Cava (1997) reported a higher proportion of C17:0 in pigs fed with acorns and pasture than in pigs fed a commercial, concentrated diet. However, it is also possible that the differences in fatty acid composition could be related to genetic origin as has been described in pigs (pascual et al., 2006) , ducks (Schiavone et al., 2004) and rabbits (Hernández et al., 2008 (Hernández et al., ). pascual et al. (2006 reported differences in the rate of deposition of fatty acids among breeds. Schiavone et al. (2004) suggest that the desaturation/elongation reactions and the mechanism implicated in the incorporation by muscles of the long chain polyunsaturated fatty acids might be more efficient in unselected rural strains than in selected for meat production strains. The differences in fatty acid composition among breeds have also been explained by variations in the lipid contents of their muscles (Moloney, 2005) . The Mos breed showed a lower lipid content in the drumstick meat as compared to the Sasso strains (Díaz et al., 2010) . A high level of pUFA in meat has also been related to muscles with very low fat content consisting predominantly of phospholipids with high proportions of pUFA. In poultry meat, the level of pUFA in phospholipids is normally higher than in glycerides (Alasnier et al., 2000) . However, no significant differences were observed in the lipid contents of breast meat between the Mos breed and the Sasso strains (Díaz et al., 2010) . So, the differences in the fatty acid composition between Mos and Sasso strains could mainly be explained by the genotype and the feeding behaviour more than by the lipid content of the meat.
The meat of the youngest animals showed lower contents of monounsaturated fatty acids and higher concentrations of polyunsaturated fatty acids than that of the older birds. The differences in fatty acid composition between younger and older capons might also be related to the differences in lipid content of the muscles. Diaz et al. (2010) observed that the lipid content in drumstick meat increased with age in all breeds although the lipid content in breast meat only increased with age in Mos capons. Nevertheless, the effect of age was not as significant as the effect of breed. poureslami et al. (2010) also observed that pUFA n-3 and n-6 in broiler breast meat decreased with age. Girolami et al. (2003) also reported that an increase in age at slaughter produced a decrease in total polyunsaturated fatty acids in ostrich meat. This fact was attributed to the higher content of meat lipids in older animals.
CONCLUSIONS
The Mos capon meat showed lower contents of monounsaturated fatty acids and higher concentrations of polyunsaturated fatty acids than the meat from the other breeds. These differences could mainly be explained by the genotype and the feeding behavior more than by the lipid content of the meat.
The meat of the youngest animals showed lower contents of monounsaturated fatty acids and higher concentrations of polyunsaturated fatty acids than that of the older ones. These differences could mainly be explained by the lipid content of the meat. Nevertheless, the effect of age was less important than the effect of the breed.
